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Device for transdermal administration of active sxibstances 

The present invention relates to devices enabling the 
transdermal administration of active substances. Xt further 
relates to the use of such devices for the transdermal ad- 
ministration of active substances or auxiliary agents. 

Transdermal therapeutic systems have meanwhile become 
widely used as administration forms for the treatment of 
numerous diseases. With this technology, especially the ac- 
tive substances nicotine, nitroglycerin, scopolamine and 
estradiol, but also many more recent active substances, can 
be brought to action in a controlled and tei^porally pro- 
tracted manner. Xt is of particular advantage in this con- 
nection that in the case of a large number of active sub- 
stances it is possible to largely suppress the physiologi- 
cal first-pass effect, which always occurs in the case of 
oral administration, when this administration form is used. 
This ultimately enables a larger proportion of the active 

substance to reach its site of action. 

♦ 

Usually, transdermal therapeutic systems (TTSs) are config- 
ured such that they comprise a pressure -sensitive adhesive 
active substance reservoir, or that in any case at least 
one pressure-sensitive adhesive layer is present, for at- 
tachment of the system to the skin. The adhesive bond be- 
tween the system and the skin is brought €d30ut by the self- 
adhesive properties of the polymers used or by suitable 
mixtures of polymers and auxiliary agents. 

The pressure- sensitive adhesive attachment on the skin, 
which is due exclusively to the phenomenon of surface ten- 
sion, is not always reliable, however. For this reason. 



problems with respect: to the anchoring o£ TTSs are observed 
rather frequently. Insufficient anchorage affects above all 
the maximum application period; generally, the usability of 
such systems on the skin is limited to a maximxim of about 7 
days . 

With TTSs the release of active substances is generally ef- 
fected by diffusion of the active substance through the 
polymer-containing and soft -plastic layers of the TTS, in 
which case the active substance reaches the surface of the 
skin via the skin-contact side of the TTS. Subsequently, 
the active substance molecules initially diffuse through 
the outermost skin layer (Strattim cornexim) and then reach 
the deeper regions of the epidermis, where they are trans- 
ferred into the blood circulation. 

However, only in the case of a very small number of active 
substances does the afore-described diffusive transport of 
active substance take place at a velocity that is suffi- 
cient for therapeutic purposes. This is due above all to 
the natural barrier effect of the Stratum corneum. This 
barrier effect particularly renders the transdermal admini- 
stration of high-molecular active substances (e.g. pep- 
tides, proteins, oligonucleotides and polynucleotides) or 
of highly polar active substances considerably more diffi- 
cult, or impossible. 

There has therefore been no lack of attempts to overcome 
the barrier property of the Stratum cornexua by employing 
suitable methods. This can be accomplished, for example, by 
employing chemical permeation enhancers (e.g. ethanol or 
other alcohols), voltage difference (e.g. iontophoresis), 
or even by mechanically modifying the Stratvim corneum. To 
this end, according to US 6 334 856, it is possible to use 
a device having a plurality of hollow microneedles that are 
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arranged In a £leld. Tliese needles have a very sharp con- 
tour, it is true, but they only penetrate several hundred 
micrometers deep into the skin. 

Although this enables the administration o£ active sub- 
stance-containing liquids while avoiding the barrier prop- 
erty o£ the Stratxua comeum, it is in many cases not possi- 
ble to provide the active substances in liquid form. The 
reason for this may be, for exsunple, insufficient solubil- 
ity of the active substance or insufficient stability of 
the active substance solution. In addition, the amount of 
active substance which is applied is very small (in the 
range of a few micrograms) because of the small volume of 
liquid that can be applied via these microneedles. 

A device which is very similar to that described in 
US 6 334 856 is described in US 6 083 196. This device com- 
prises a carrier film which has arranged thereon a plural- 
ity of micro-protrusions that can be used for penetrating 
the skin. The device is fixed on the skin by means of an 
additionally present fastening means (e.g. in the form of a 
superimposed patch) since the device as such does not ad- 
here to the skin. 

Xt was therefore the object of the present invention to 
provide a device for transdermal administration of active 
substances which is suitable, in particular, for the ad- 
ministration of higher-molecular or highly polar active 
substances and which obviates or reduces the above- 
described disadvantages of the prior art. More particu^ 
larly, the intention is thereby to enable the transdermal 
administration of active substances that are not present in 
liquid form, and to enable adhesion of the device to the 
skin even without additional self-adhesive means. 



This object: is, surprisingly, achieved by a device accord- 
ing to claim 1 which, in accordance with the generic part 
o£ said claim, possesses the general features of a trans- 
dermal therapeutic system and wherein the skin- facing con- 
tact surface has a plurality of pin^shaped or needle-shaped 
microprotrusions which are suitable for penetrating into 
the skin. These microprotrusions are provided with struc- 
tures that make extracting the protrusions from the skin 
more difficult . 

The microprotrusions of the device according to the inven- 
tion are thus characterized in that to insert the micropro- 
trusions into the skin a smaller force is required than for 
the STibsequent extraction from the skin. 

Due to the microprotrusions penetrating the skin, the bar- 
rier of the Stratum corneum is overcome and the active sub- 
stances contained in the reservoir, by circumventing said 
barrier, are able to reach the deeper regions of the epi- 
dermis after having diffused from the reservoir to the 
skin-contact side of the device. The systems according to 
the present invention enable application of active sub- 
stances into deeper skin layers, i.e. those beneath the 
barrier layer of the stratum comeum. 

Due to the above-mentioned structures, which make extract- 
ing the protrusions from the skin more difficult, it is 
possible to anchor the device at the site of application on 
the skin, with no additional means being required to 
achieve this anchorage. This is a fixation which, although 
being similar to an adhesive bond, is based on mechanical 
anchorage . 

The microprotrusions are preferably pointed at their distal 
(i.e. skin-facing) end in order to facilitate penetration 
into the skin. They are preferably of a needle-shaped con- 



5 



figuration and taper towards their distal end. X£ the 
cross-section or diameter of the mlcroprotruslons Is appro- 
priately small, penetration of the skin Is also possible. If 
the mlcroprotruslons are not pointed or tapered. The micro- 
protrusions have an essentially round, elliptical, triangu- 
lar, quadrangular or polygonal, or an Irregular cross- 
section. A vezv narrow cross-section, with the mlcroprotru- 
slons approximately having the shape of a saw blade or a 
jagged edge, should be avoided since It Is thereby not pos- 
sible to achieve sufficient anchorage In the skin. 
The thickness of the protrusions Is preferably In the range 
of 5 to 100 iim, especially In the range of 10 to 50 ^m. In 
the case of needle-shaped protrusions the thickness at the 
point is preferably 1 to 10 vm, and at the opposite end it 
is preferably 5 to 100 iim. 

The suitable length of the mlcroprotruslons is dependent on 
the overall thickness of the device, especially on that of 
the active substance reservoir, as well as on the desired 
penetration depth. Preferably, the mlcroprotruslons have a 
length in the range of from 50 to 500 iim, especially pref- 
erably in the range of from 100 to 300 iim. In this context 
it is additionally preferred for the mlcroprotruslons to 
protrude from the skin-facing surface of the device (e.g. 
the polymer matrix layer) by less than 300 iim, especially 
less than 200 iim. 

The above-mentioned structures, which make extraction from 
the skin more difficult and serve to anchor the device, are 
arranged at the outer circumference of the protrusions. 
There may also be a plurality (two or more) of anchoring 
structures present on respective ones of the protrusions, 
and they may be distributed along their entire length. How- 

* 

ever, at least that region of the protrusions which pro- 



trudes from the surface of the skin-cozitact side of the de- 
vice is provided with such structures. 

The anchoring structures may be realised by providing the 
longitudinal contour of the microprotxxisions with under- 
cuts. A configuration of these structures in the form of 
barbs, which counteract extraction from the skin, is par- 
ticularly preferred. Each individual microprotnision may 
have one or, preferably, a plurality of such barbs. 

* 

According to a further embodiment of the invention, the mi- 
croprotrusions, or at least a partial quantity thereof, are 
configured in a helical shape and arranged rotatably. By 
applying a rotating movement it is thereby possible to fa- 
cilitate, penetration into. the skin and to effect anchorage 
on the skin. The rotary drive may, for example, be provided 
by micromechanical means, particularly by micromechanical 
actuators • 

Generally, all of the microprotrusions of a device are es- 
sentially of the same shape; however, the invention also 
comprises such embodiments of the device wherein two or 
more groups of microprotrusions of differing configuration 
are present. 

The number of microprotrusions is preferably 1 to 10 ^ per 
mm^ ^ especially preferably 10 to 100 per mm^ . The micropro- 
trusions are fixedly connected with the back layer, or/and 
they are embedded, and fixed in the active substance- 
containing reservoir of the device, which is prefersJ^ly 
configured as a polymer matrix. As an alternative, the mi- 
croprotrusions can be arranged on or in an active sub- 
stance-permeable film or membrane which is laminated to the 
skin- facing surface of the active substance-reservoir so 
that the, preferably pointed, ends of the microprotrusions 
are directed towards the outside, i.e. towards the skin. 
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Said membrane or film xaay also have pressure-sensitive ad- 
hesive properties. 

Particularly if the microprotrusions are anchored on a 
semi-rigid supporting film which serves as a back layer, 
there is the additional advantage that in the case of spon- 
taneous skin movements the microprotrusions shaped accord- 
ing to the barb principle are caused to penetrate even 
deeper into the skin because the relative movements of the 
skin are transmitted via the back layer or supporting film 
to the microprotrusions. 

According to a further embodiment, the microprotrusions 
provided with barb- like structures may also have an inter- 
nal cavity or channel, in the form of a hollow needle hav- 
ing an opening at the distal, skin-facing end. The cavity 
or channel is connected with a liquid-filled reservoir, 
into which the hollow needles are immersed or in which they 
are embedded • 

As ah alternative, the. microprotrusions may also be made of 
a diffusible material eneJ3ling the diffusion of the active 
substances from the reservoir (i.e. the active siibstance 
matrix) through the microprotrusions into the skin, so that 
in this case too - as in the case of the hollow needles - 
a direct release of active substances into the skin is pos- 
sible. 

The microprotrusions may be made from biocompatible and 
skin-friendly materials known to those skilled in the art, 
especially plastics and metals. 

Examples of suitable plastic materials, singly or in combi- 
nation, include: acrylonitrile-styrene copolymers, poly- 
methyl methacrylates, PVC, polytetraf luoroethylene, poly- 
amide, polyurethane and polystyrene. 
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Examples o£ suit:able met:al materials include: stainless 
steel, titanium and titanium alloys; alumini\im and alumin- 
ium alloys; alloys o£ cobalt, chromixim and molybdenum. 
The microprotrusions may be made in a manner known to those 
skilled in the art by injection moulding, compression 
moulding, thermof orming, deep-drawing, extrusion, etching 
techni<xues, etc • • 

The invention, however, also encompasses those embodiments 
where the active substance release is not effected directly 
via the microprotrusions but via the skin-facing surface of 
the active substance reservoir. In that case, the function 
of the microprotrusions is limited to breaking through the 
skin barrier and to anchoring the device in the skin. 

According to another embodiment, the device has an adhesive 
polymer matrix on the skin side, which is preferably ar- 
ranged coextensively with the plane of the microprotru- 
sions. This measure enables an even firmer fixation of the 
device On the skin. Xn this case, the microprotrusions 
preferably protrude from the plane of the polymer matrix 
layer by, on average, less than 300 ym, especially less 
than 200 pm. The adhesive polymer matrix may at the same 
time constitute the active substance reservoir cuid contain 
one or more active sxibstances, optionally combined with one 
or more auxiliary agents. As an alternative, the adhesive 
polymer matrix may be free of active substance, the active 
substance (s) being present in one or more additional lay- 
ers . 

Suitable as base materials for the production of the said 
polymer matrix, the active substance-containing reservoir 
or a pressure -sensitive adhesive layer are, in particular, 
the following polymers, either singly or in combination: 
poly (meth) acrylates, polyisobutylenes, polyterpenes, ethyl- 



exie- vinyl acetate copolymers, synthetic mbbers, styrene- 
isoprene-styrene block copolymers, styrene-butadiene- 
styrene block copolymers, hot -melt adhesives, mixtures of 
rubbers and resins, silicone pressure-sensitive adhesives, 
polyvinyl acetate, polyvinyl pyrrolidone, polyvinyl alco- 
hols, polyethylene glycols, cellulose derivatives (e.g. hy- 
droxypropylmethyl cellulose) • Pressure-sensitive adhesive 
formulations based on the aforementioned polymers are in 
principle known to those skilled in the art. 
The polymer matrix, respectively the active siibstance res- 
ervoir, may furthermore contain one or more known auxiliary 
agents, especially from the group of the softeners, emulsi- 
fiers, permeation enhancers, tackifiers, solubilisers, sta- 
bilisers, fillers and carrier substances. 

* 

The polymer matrix preferably has a polymer content of 10 
to 90^-wt., especially 30 to 70^-wt.; the content of auxil- 
iary agents is preferably between 0.1 and 30^-wt., espe- 
cially between 1 and 10^-wt. The active substance content 
is preferably in the range of from 0.1 to 20^-wt., espe- 
cially from 0.5 to 10%-wt. The weight percentage of the mi- 
croprotrusions is not taken into account in the calcula- 
tion. 

Suitable as back layers or supporting layers are, above 
all, polyester films which are characterized by a particu- 
larly high strength, such as, for example, polyethylene 
terephthalate and polybutyiene terephthalate, and in addi- 
tion other skin-friendly plastic materials, such as, for 
example, polyvinylchlor ide , ethylene vinyl acetate, vinyl 
acetate, polyethylene, polypropylene and cellulose deriva- 
tives . 

The skin- facing surface of the devices according to the in- 
vention is preferably covered with a detachable protective 
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film, wlilch is peeled away prior to application. The same 
material may be used for the detachable protective film as 
for the back layer, provided that the layer is subjected to 
a suitable surface treatment, e.g. siliconisation or 
f luorosiliconisation. But other detachable protective lay- 
ers, such as polytetrafluoroethylene- treated paper, cello- 
phane, polyvinylchloride or the like, may be used as well. 

The devices according to the present invention are advanta- 
geously suitable for transdermal administration of pharma- 
ceutical active substances or vaccines for therapeutic or 
prophylactic treatment, including also for the purpose of 
immunisation, of htimans or animals. They are particularly 
suitable for administering higher-molecular or highly E>olar 
active substances at effective oral dosages (humans) of 
less than 10 mg/day.. 

The devices according to the present invention are charac- 
terized on the one hand by a safe and long-lasting adhesion 
to the skin; on the other hand they enable the transdermal 
administration of active substances that would otherwise 
not be suitable for transdermal administration. 

These devices therefore preferably contain one or more ac- 
tive substances selected from the groups of the peptides 
(especially peptide hormones, such as, e.g., insulin, oxy- 
tocin, vasopressin; growth factors, immunomodulators, anti- 
biotics) , proteins (e.g. enzymes, interferons, inter- 
leukins, antibodies), highly active genetically engineered 
active substances; oligonucleotides (e.g. antisense oli- 
gonucleotides) and polynucleotides (e.g. plasmids) , or/and 
they contain one or more active vaccines, preferably se- 
lected from the group comprising live bacteria, killed bac- 
teria, attenuated or genetically modified viruses, inacti- 
vated viruses, bacterial toxoids, proteins, glycoproteins. 



genet:ically engineered antigens, as well as oligonucleo- 
tides and polynucleotides. 

In addition, the devices according to the present invention 
xday also be used to administer other pharmaceutical active 
substances. Active substances suitable in this context are, 
in particular, those from the following groups: agents low- 
ering or regulating the blood pressure; cardioactive agents 
(especially beta-blockers and ant i- arrhythmic agents) ; an- 
algesics; steroid hormones; anaesthetics; appetite depres- 
sants; anti-allergics, antihistaminics; anti- 
arteriosclerotic active agents; anti-arthritic /anti- 
rheoimatic agents; antibiotics; anticholinergics; anticon- 
vulsives; antidepressants; antidiabetic agents; antidiar- 
rhoeal agents; antidiuretics; anti- estrogens; antimycot- 
ics/ fungicide active agents, active agents against gout; 
lipid-lowering agents; hormones; non-steroidal antiphlogis- 

tics; anti-migraine agents; agents against nausea; antineo- 
plastic agents; anti -Parkinson agents; antipsychotic 
agents; antispastic/antispasmodic agents; antithrombotics ; 
antiviral agents; anxiolytics; bronchodilators ; calcixim 
channel blockers; cholinergics; cholinesterase inhibitors; 
CNS stimulants; dopamine receptor agonists; immunomodula- 
tors, immunosuppressive agents; ion-exchange resins; mono- 
amine oxidase inhibitors; sedatives/hypnotics; throm- 
bolytics; vasodilators ; vitamins . 

The invention will now be explained with reference to the 
schematic representations of Figs. 1 to 3. The embodiments 
shown therein are merely by way of example. 

Fig. 1 and 2 each show a longitudinal section of a device 
(1) according to the invention for transdermal administra- 
tion of active substance, which device is in the state of 
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having been applied to the skin (7). (8) designates the 
corneocytes embedded in the lipid matrix. 

Fig. 1 shows a device (1) having a back layer or supporting 
film (2) and an active substance -containing polymer matrix 
(3) . In this matrix, there is a plurality o£ microprptru- 
sions (4), two o£ which are shown. 

At the distal end o£ their substantially cylindrical shank 
the microprotrusions (4) have a point (6) with which they 
penetrate into the skin (7) • The opposite end of the micro- 
protrusions (4) is connected with the backing layer (2), so 
that the microprotrusions (4) are arranged approximately 
perpendicular to the plane of the back layer (2). 
The microprotrusions have barb-shaped anchoring structures 
(5) • The cross-section of the microprotrusions is round; 
the same is true of the anchoring structures (5) • 

Fig. 2 shows a modification of the device depicted in Fig. 
1, wherein thie anchoring structures (5) of the microprotru- 
sions (4) are of a helical configuration. The microprotru- 
sions are rotatingly guided and are made to rotate by mi- 
cromechanical drive means (not shown) • The reference num- 
bers otherwise have the same meaning as in Fig. 1. 

Fig. 3 shows (in section) an example of a micromechanical 
actuator that may be employed as a drive means in a device 
according to the invention, e.g. in a device according to 
Fig. 2- 

By moving a micro-rack (10) in one of the directions of the 
arrow, the micro-gear (11) is driven. The axle (12) of the 
gear may be provided in its distal (skin-facing) region 
with a helical anchoring structure, as shown in Fig. 2. 
By employing a plurality of gear racks (10) and gears (11) 
it is possible to effect a unidirectional drive of a plu- 
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rality of helical microprotnisions (4, 5) • In this case, it 
is furthermore possible to jointly drive two or more gears 
(11) by a respective one rack (10). • 



